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RZ]ULT[; OF TESTS_,OAI_" /,HD IA9 IN .THE

RESEARCI{ C_TER UNITARY PLAN WIND _'JNNEId_

ON I_N ().030-:]CALE MODEL OF Ti_ SPACE 7HIJ_q_I'L!q

V],]{ICLE',!ATO DETER}4INE Ai_ODYNAMIr: LOADS

By

R. H. Spangler
Rockwell International

AIk_TRACT

Tests were conducted in the NASA/ARC Unitary Plan Wind Tunnels during

April and May 1973_ on an O.030-scale replica of the Space Shuttle Vehicle
Configuration 2A. Aerodynamic loads data were obtained at Mach numbers

from 0.6 to B.5.

The investigation lhcluded Tests IA9A, B and C on the integrated

(launch) configuration and Tests 0A12A and C on the _solated orbiter (entry

configuration). The i{tegrated vehicle was tested at angles of attack and

sideslip from -8 degrees to 48 degrees. The isolated orbiter was tested
at angles of attack from -15 degrees to +40 degrees and angles of sideslip

from -10 degrees to +lO degrees as dictated by trajectory considerations.

_ne effects of orbiter/external tank incidence angle and deflected contl I
surfaces on aerodynamic loads were also investigated.

|
ill
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ZNDEXOF DATAEmmm (CONCLUDED)

P_ SCHEDULES:
t

ALPHA

A) -_, O, 4, 8 Degrees

B) -8, -6, -4, -P, 0, P, 4, 6, 8 .De_ee,_

C) -h, 0, 5. i0, 15, 20, :_2.5 Degrees

D) O, 5, I0, 15, 20 Degrees

BETA

E) -4, 0, _, 8 or -_, 2, _, 8 Degrees

F) -8, -6_ -_, -2, O, 2, _, 6, 8 Degrees

G) -7, -5, 3, 5, 7, 9 Degrees

H) -8, -6, -4, -2, R, _, 6, 8 Degrees

I) -5, 5, 7, 9 or -6, 4, 6, 8 Degrees

J) -lO, -5, 5, i0 Degrees

K) -8,-4,O, _, 8 Degrees

L) -i0, O, i0 Degrees

M) -6, -3, O, 3, 6 Degrees

18
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The ().03_-_:'"_]r'A,'rr,Losds Space :!h,,ttl,:too,t,,].',,'a:,t,-.zted:[,_th,.
Unitary Plan Wind Tunnels at ARC startini_April ;',and continuing ttmou_:h

. May 17, 197:_as follows:

" IA9A ll-foot .Transonic April :'to April i_, 197:_
' 0AlgA ll-foot _ansonic April 16 to April ?_),i_73

, IA9C 8x7-foot Supersonic April ',-'3 to May i, 1973
OA12C 8x7-foot Supersonic _,_y_ to May ,q,1973
IA9B 9xT-foot Supersonic May 9 to May 17, 1973

The testing was conducted in all tkree legs of the Unitary Plan Wind
Tunnels to obtain a Mach number range from 0.6 to 3.5. Aerodynamic loads
data were obtained for the ascent and entry configurations. The effects
of control :_urfacedeflections were also investigated.

This report consists of 3 volumes of force data and 15 volumes of
"-- pressure data for a total of 18 volumes arranged in the following manner:

VOLUME NO. C01_

I IAgA force data
2 IA9B and IA9C force data
3 OAI2A and OAI2C force data
4 IA9A plotted pressure data
5 IAgB and IA9C plotted _ressure data
6 0A12A and OA12C plotted pressure data
7 IA9A tabulated pressure data

orbiter base

upper MPS nozzle
8 IA9A tabulated pressure data

I MS nozzleI_ body flap

lower wing surface

9 IA9A tabul_ted pressure data

left vertical tall surface
ri_:htvertical tall surface
APU inlet

(e) SP_4booster base
l0 IAgA tabulated pressure data

external tank
external tank base

19
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INTRO_mTION (_0_E_3Eo)

.i

'i ii IA9B tabulated pressure dnt,-,
! a orbiter fuselnge

b orbiter bane

c upper MP_J no:,,',d_
!! d (_4S nozzle

:'_ e body flap
f C_4S pod outside
g l_,;er wing surface

12 IAgB tabulated pressure data

i! upper wing surface

left vertical tail surface

right vertical tail surface

d AFJ inlete SRM booster base

(f SRM booster

I_ external tankexternal tank base

13 IA9C tabulated pressure data

i_dl orbiter fuselage

orbiter base

upper MPS nozzle
nozzle

_$ pod outside
i_ IAgC tabulated pressure data

I! 1 lower wing surface

upper wing surface

left vertical tail surfaced) right vertical tall surface

15 IAgC tabulated pressure data

SRM booster base

SRM booster

external tank

external tank base

16 0AI2A tabulated pressure data

b orbiter baseupper MPS nozzle
(_4S nozzle

body flap
_,_ pod outside

_tO
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I_ODUCTION (f_ONCUm_,I))

17 OAI__!Atabul_ite4 [,r,:,snur_.d_,t:,

(a) lower wing zt.rfacc,

(b) upper wing zur['a_-._,

It} left vertical tail _uri'ac_.

d ri6ht vertical tr,il :u_rfa,:c_.
e A/_ inlet

18 OA12C tabulated pre_,sure dat_

All components

21
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NOML_IC_I_TURF
Gon, ,rhJ

" SADSAC

' S_BOI, SYMBOL D_INITION

. ,:peed Of _ound; m/:_(',", _,'t,/:_er

Cp (:k pre'_sure ,,o_ffl,,l_-,nt: (Pl f'_)/'t

I4 MAC3 M_,ci*number; 'I/'_

p pressure ; N/m _', p,31'

q R(NSM) dynamic pressure: 1/Jp_", N/m _:, psf
4(P_'F)

KN/L PJ_/L unit Reynolds number; per m, per ft

V velocity; m/sec, ft/sec

(X ALPHA angle of _ttack, degrees

BETA angle of sideslip, d_gr_-es

PSI angle of yaw, degree,';

PHI _ngle of roll, degrees

p mess density; k_m 3, slugs/ft 3

Reference & C.G. Definitions .

AO base area; m2, ft2

b BREF wing span _r reference span; m, ft

e.g. center of gravity

_REF LREF reference length or wing meen
$ aerodynamic chord; m, ft

S SREF wing Bre_, or reference area; m2,. ft2

MRP moment reference point

XMBP moment reference point on X exls

D4RP moment reference point on Y axis

ZMRP moment reference point on Z axis

gUBSgRIPTS

b b_se

1 local
:_ static conditions

t total conditions
free stream

O0000002-TSB14



, NOI,_CD_TURE ( Pnr!tf rm, .l )

B.ody-/,.xtr ?.._::t<,m

SADZAC
CYMBOL SYMBOL DEFINITI ON

CN norma!-/orc, t.o,:Ffi,-,i,.nt; normnq for,.,.CN

C_ CA axial-fore," co,,ffieic,nt; "JxialforceqS

Cy CY side-for'.'ecoeffiei,.nt; zlde force

C. CAB bu:]e-for..ccoefficient; b'._zaforce
"b !;]

-Ab(Pb - p.)/,;.:;

CAf CAF forebod,v nxlal force coefflcicnt, CA - CAb

Cir. CIN pitehin;_-moment coefficient; pitchin_ moment
• qS_REF

Cn .CTN ym.ling-moment coefficient; y,,_ing moment
qCb

C_ CBL rolling-moment cc_:.fficient:rolling moment: _._b

Stability-Axi_ S,_-ctcm

CL CL llft coefficient; lif____tqS

CD CD drag coefficient: drag• qS

C_ CDB base-drag coefficient; base drag
Ub qS

CDf CDF forebody dreg cc_fflelent; CD - CDb

Cy CY :_ide-force coefficient; side force,t,U

Cm CN.I pitchinJr,-momentcoefficient; pitching moment

(" CLN ym,'fni---:'_,,m,.)_t,.o,,£","i(icnt:,v-")wln6moment
I) qSb

('_ CSL rollim,-mom_'nt coefflci,_nt; rolling mo,._cntq'.'.b

L/I) L/D ],ift-te-drng ratio; CL/C b

L/Df L/DF llft to forcbody dr_,gr'Ltlo: CD/Cl)f
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mOa CnA E (CON m;ED)

AD] T OmS STA ARDLmS

PLOT

SYMBOL SYMBOL DEFINITION

_R RLrDuh_q rudder, surface deflection angle, positive

deflec$ion, trailing edge to the left; degrees.

6e ELEVEN eleven, surface deflection angle, positive

deflection, trailing edge d_m; degrees.

6RF RUDFLR rudder flare, split rudder deflection angle, left

split rudder trailing edge left and right split

rudder trailing edge right, 6RF = (SRL + 5RR)/2 ,
positive deflection; degrees.

io ORBINC incidence angle between the orbiter and external

tank, io = at - at; degrees.

_T B_'fA_ angle of sideslip of external tank.

(_T ALPHAT angle of attack of external tank.

_B LB length of orbiter body; in.

#T LT length of external tank; in.

s LS length of SRM booster; in.

_4 I_ length of _ nozzle, positive direction forward
of exit plane; in.

_NP LNP length of MPS nozzle, positive direction forward
of exit plane; in.

b/2 BW _Ing seml-span; in. "_

bv BV vertical tall span; in.

x X distance from component nose; in.

y Y lateral distance _rom eenterllne: In.
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NG,_NCLA_Rk (_:ONC[/JDED)

PL_£

SYMBOL SYMBOL DEFINITION

z Z vertical distance measured from W.L. 500 (vertical

tall reference root chord); in.

%; CW local wing chord; in.

cv CV local vertical tall chord; in.

X/_B X/LB longitudinal position/orblter body length.

x/_ T _LT longitudinal position/external tank length.

x/_ S _LS longitudinal positlon/booster length.

x/_i_4 _IANM longitudinal posltion/OMS no_zlc length.

X/_Np _LNP longitudinal posltlon/MPS nozzle length.

x/% X/C_.I local chordwlse posltlon/local wing chord length.

x/c v _CV local chordwise posltio_/local vertical Zail
chord length.

y/b/2 Y/_/ local spanwlse posltlon/wlng semi-span.

z/bv Z/BV local spanwlse positlon/vertical tail span.

25
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COI_IGURATIONS I_%_ GATLD

The O.O30-scale aero loads model was a replica of the _%[)ueeShuttl

Vehicle 2A. It consisted of four major components: the orbite,., the

, external oxygen and hydrogen tank (ET) end two solid rocket boosters (SRB).

On the ascent configuration, the orbiter was strut 1,_ountedfrom the
kvf on a T::sk Corporation MK XVI 2.5-1nch diameter internal balance. The

left SRB was strut mounted from the Evf on a Task Corporation MK XXII 1.5-

inch diameter internal balance. No attempt was made to simulate actual

inter-attachments. The ET was sting mounted to the tunnel model support
system on a Task Corporation _.O-inch diameter internal balance. TT_e

right SRB _:ss strut mounted symetrlcally to the left side, but did not

contain _ balance. The orbiter configuration, desibuqated as OoA_ con-

sisted of BIOC5DTW87VsR5M3F_.

The entry confi@aratlon consisted of the isolated orbiter, sting

mounted to the tunnel model support system on a Task Corporation MK XXA

P.5-1neh diameter internal balance. Midway through the OAl_?C test, the
MK XXA balance was damaged and was replaced by the MK XD[B for the high

angles of _ttack. The orbiter was provided with deflectable elevens by

means of interchangeable brackets, deflectable rudder by means of a pin-
inde_ed hinge, and interchangeable rudders to obtain different speed
brake flare angles. The main propulsion system engines were removed dur-

ing entry configuration testing to provide sting clearance. A cover
plate was provided for the strut clearance hole.

The orbiter was instrumented with 374 pressure orifices on the left

wing, left side of the fuselage, vertical tail, left OMS pod and engine,
left and upper MPS engine and the base. The pressures were measured
using eleven Scanlvalve, Inc., S-type valve modules mounted internally

(a five and a six gang unit). When tested in the entry configuration,
the MPS pressures were not available for measurement.

The left side of the ET was instrumented with 136 pressure orifices.

These pressures were measured by means of 7 Scanlvalve, Inc., S-type
valve modules configured as one unit of 6 modules and one single. These

valves were mounted internally in the tank. The left SRB had one gang

of six S-type modules to measure lOP pressures. The right SRB was not
instrumented. The pressure transducers used in the valve modules were

Statha_ I_4 131 TC differential pressure transducers, with ranges of +_lO
psld, +_12.5 psid and _+15 p:_Id. Reference and calibration pressures were
measured by the ARC micro manometers.

Some modifications _:ere _de to the model at the test site prior to
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T

CO_FI_JRATIONS INV_;TTIGAT_X,(CONTI_Z;_3)

•_ testing. These were as follows:

• i. The forward tip of the _ containing the retro rocket package

' (Reference NR Drawing VL7_-O00018) was replaced _:ith a flush

0.90 inch radius nose (Model scale). The new nose had fiw_•
_ pressure taps; one in the nose and four more aft of the nose

on the vertical and horizontal axis on a 0.315 inch radius.

?. %he ET balance cavity was enlarged by one inch on the diameter

(from 5 inches to 6 inches) to provide clearance for cable
routing and eliminate balance interference.

3. The clearances around both the orbiter and the SRB struts were

opened to approximately 1/8 inch to prevent interference.

_. An alternate rudder hinge pin was provided to give a rudder
deflection of +15 degrees.

Before and during the tests various model discrepancies developed

or were discovered. These ::ere generally n_[nor and had only a negligible,
if any, effect on the data. Significant diserepanci,_n _re noted bel_:

1. Pressure orifices PIT1 and P173 on the 0_,_pod base were
onz[tted.

2. During the test e_rtaln pressure taps developed leaks or
became plugged. Data from these taps are questionable and

should be used with caution. Difficulties in checking may

have resulted in erroneous indications of leakage. Repairs

were made to correct leaking or plugged pressure instrumenta-

tion, whenever possible, as the test progTessed. The foll_;-
ing list gives those taps that were indicated as bad on the

various leak and response checks:

ARC Facility Run Nos. Orifice n_nbers with questionable pressure
data

ii' 2-4 71_',1!33, _I77

I % /',-_

5-11.8 ._]-,]-_b 1<"3, ]'_o, ;-'0],h:'7

119-160 16, 98, lO], i0_[, 333, h27

" ' '. "_"_ 4:q + 3[Xq, 307,le:)l-IfO ]6, ')r-),I01, 1.07, ._.,, .

3_7, 3:>8, 336, 337, 356, 357, 3'r')
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C0NFIaURATIONSINYESTIGA_D (C0NCLUOLD)

] Orifice numbers _;ith questionable pressure

.b ARC Facility Run Nos. data
!

, Ii' 171-182 16, 47, 53, 75, 78, 98, 107, 201, 236, 237,

| 238, 307, 327, 365, 427
[

_ 183-189 Same as (171-182) + 7, 447, 5:-.'5

190-211 Same as (171-182)

8'x7' 220-234 20, 21, 24, 74, 326, 327, 336, 424, 427,

752, 868, 871

235-285 74, 326, 327, 336,424, 427, 752, 868, 871

286-300 74, 107, 115, 124, 129, 138, 326, 327, 336,
427

-_ 301-305 74, 326, 327, 336, 427

306-333 74, 326, 327, 427

9'x7' 340-396 5, 325, 326, 327, 424, 427, 526, 752, 868,
871

_8
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P.:CILI_II,, DI,_CRIIW_FOH

l Anles .]l :: ].!-Ft. _anconic
1

,1 The _._es ii x ll-Foot Transonic Wind Tunn,:_li':'.'.'.varinble density,
closed return, continuous fl(_,:type. This tunnel h_s "m adjustable

nozzl_ (two flexible walls) and a slotted test _ectior, to permit
transonic testing over a Mach number range continuously variable
from o._+to 1.4.

_mes 8 x "[-Ft. Supersonic

The Ames 8 x 7-Foot Supersonic Wind Tunnel i:_ a closed-rcturn,
variable-density tunnel _lith a 8- by 7-foot rectangular test

section. The nozzle has flexible side walls with fixed upper and
l_mr surfaces. Mach number rang._-is continuously variable from

'.I_5 to 3.5. Tunnel stagnation pressuxe can be varied from 0.3 to

_3.0 atmospheres and Reynolds number per foot varies from 1.0 x i0_
to 5.0 x 106.

Ames 9 x 7-Ft. Supersonic

The Ames 9 x 7-Foot Supersonic Wind Tunnel i_ a variable density,
continuous flo_ type with an adjustable nozzle to permit supersonic

testing over a Mach number range continuously variable from 1.5 to

2.5. The nozzle is of the asymmetric, slidlng-block type in which
the variation of the test section Mach number is achieved by trans-

lating, in the strea_n:'isedirection, the fixed-contour block that
forms the floor of the nozzle.
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DATA R]_DUe,T_OIZ

,i
_! [_%andard procedures were utilized to reduce I'or,::,,qnd ],r_,ssured,qt_,

"i to coefficient form. The following dimensional con:;t_tmts,.l__.re_ipplic.d:

Reference Dimensions and Constants
(Mp  iscale)

: ;'Rcf. = ;_.4;! ft2 Orbiter reference ares

_._'f. = 39.$49 in. Orbiter reference length

9t_._ukreus (Model Scale)

•i_bOI = 0.1903 F$2 Orbiter base area, In_egrated

A]_OA = 0.2369 Orbiter base area, sting mounted

A_4p_u = 0.0417 Orbiter upper MPS base area

A_4pSL = 9.0853 Orbiter l_er MPS base area

ABACPS = 0.0310 Orbiter ACPS base area on OMS pod

ABO_9 _ 0.0231 Orbiter OMS nozzle base area

ABPOD = 0.0257 Orbiter OMS pod base area

AC0 = O.0611 Orbiter sting cavity base area

ABNOZ = 0.0564 SRM nozzle base ares

ABSKIRT = 0.1799 SRM nozzle skirt base area

ABETI = 0.3189 ET Base arcs

ACET = O.1964 ET Sting cavity base area

3O
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TEST" OfilP_ /r,,e,--p I TA3:r.,EI. [DATE_,IvI_y,i,:,.,._
'i
' TESTCONDITIONS

REYNOLDS NUMBER DYNAMICPRESSURE STAGNATIONTEMPER.a.TURE

MACM NUMBER (perunitlength) (pounds/sq.J....t) (degreesFahrenheit)

0,6 4._ X /L'_ d-¥o I._ONo_.
0,9 V.S- _o
I.t "t,o _ c_
I .p.5" 3 o _3o

I, _ 3.0 _,_o
i. o-_" Z,£ _oo
p_.o A.3 z/._O
R. _" /._ 3oo
a, 0 ,,X.o ,, 3,,sz) ,, ,
3,_- ,?.o 3 oo

BALANCEUTILIZED: uPtT"_/ C._c/;r'-/,_'5" ,dis F-oL-/_oc._.5 i

/_ _ M_._e n/___ #I_ _r_ .
NF Moo_ _ooo ' _/_o /p._ _#_0

IV,9 3000 300o ,2.qoc, I._,5"_ _, _tOO_

_,¢. IJ,-z_o t _--o0 1,,ldP .._"_0 0_..OO0
| i

YA _s-_o I='.:,,-. /.,toc_ ,.t_o _.aoo

% _,ot_ & oo l,_"a;, ;uPO IOOO

R. _/o oo _ oo _leo__ IOOO lO,Ooo

5/_c ,._,,_-.-, _._-" .Z.,b-" I. _-'" _. o"

COMMENTS" "7-*#_ /vl.e,e,,r-_:]i_'_/,Z.P,w p/_e. _-/_2e.._.-t./C_i,_.)_s
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TEST RUN NUMBEFRS

,

I-4

3?
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1 T F+_'I F_UN NUMBERh

• f_=I----_+"...... --+_'+'+T" I ' • _ . _ _..... z

I + + + ' ' '
l ,.. [ < +L .+ - . I "-
I !_+-i+.... , ........... '++ " i ' : ! f i I + + i "

I +:, ' : ' _ + I ,+,,I ! t............. ____+__+_+__L_L___L i_.i_._i _ , _+___ ,+ _
p...'l t I += + , I + ! ! t .

: , ! i ' i ' t ' _ ! I [ "

.... ; ill I : I _ ,, '., i _ I ! I i ' <mi ' + I-- -----I -+'+-. _ ...... +'---_---+----i----_----,b-----i----

' i'I -:+ ' ' : ' , + ' ' '
I II d" I I r i I i " ! ' • i ; _ __
I . I l_',i_...... r-- _ _ i , _ 1 7 + l i - , i ,

., , i + I > "I =,L _+,! ! + . .... : t I + . i l , I

I -I +_1 t . : i + ' ' ' : _ , _ ' I [ "I ..+.+I ' i . ' ', , . +, + +!! _, , . , ; ' t , I I , I, --++I ,- ........ +.......... +.... +------l- .... .-F---r---,--,- +---l----

l +:, I ' i , I J ! ', ' + i "_"_-"
m 1 , , : I I . i I t I l t , ; :

! !, +_ l?+.____+......t---f-- ', ; ' ; -t I.+ltq, _' _- _ i ',_<-! t i I I ', ' ! ' ! II >- t t " . "I "_-_' "_+: r_il ] ' i I l '
+i +- "- ('(_t _il It-' i'_'_' I ' ' ; '+ r .... I ' _','-- t'_l " i'l I , ' 1
i _ I--;+-,--:_,',_.+-,,++ 1, _i I _ _ i , 1 I I I i i _ -_+ : .i _ .i .,',+ a _ I I . ' i ,

'. ::; _ t_ -_ !13t _-%+_:_,_'_i _+,+'_i_i'_ ', i I t _ i ,
'-': Ul'_i _4_ t'.-.i_-:_lr'+/t_ll_ / ' I ' / I i I I

t +. +, I ' 1 l , i

i _+ _ +" _'++_:'"+i +'+:,-.li c'.+t._ / i , I t / ,_ ;< " _i +,..... [..... , I , i i F i i, I , ,_
"+ +-+ ' 1 t i / I ' I ' '...,.. + , , ,:t7 ! 0 1 .+ , ' ! + I ,

_ <-_!| t __Y 1 I. . / _ I I I _. . i
t£. ,,:;, ..+rnli i ! I ,,i._ I l I I I _. -

--? :._ r+. lx-_; , !
' ! +-+- -1---i"-I." /
+., ira+ +:-4-:IT-1----1----i--.._ ' i F I I -+ ' , I
.-, ,, ,--- .,---|---_ .... -i ..... +!-..... i---+--- " i + i+

li cri Ill tt_lT.. I .... Ili It I I It I ' _ , I I u+P; + -. ! "-' _/J/ i t . L 1
[ "- +_ ,+'F-- --1--+--I l I l ' i II_.

! ;G _+I _ --i--l'" i I I m _ _

i+' ,+! TM I I _

" ...... i---i' -i _' I" _' ',
1:..,;f + t , t I i = "

I_ ,_.'. _ ! I
I i_+b f' I I _ ! I "t_

I I I ,

_, ,',"*-i! i i [ L

";--"-_:l"',""" ........"+" i'-'i,+-..,4.........t.,_..l,' rl_r+]_'i+t,3:-+......++.._"/'q.+i ,+Nil' ' +1 ]' ] 1 P+ " I£oi__ll-I_

! : i '+i" I I I 1 i I I '

, (')
2,_J
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TEST RUN NUMBER5

I

r...)

H
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TEST RUN NUMBERS

k
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H

" 1
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TABLE III. MODEL COMPONENT DIM_IONAL DATA

MODELCOMPONENT: BlO Bod_" , ,

" :. 6ENERALDESCRIPTION: Fuselage, 2A Configuration, Lightweight Orbiter, per| I

i -
1
'1

ii RoQkwell.L.i.nes.VL70-000089"B."
i
,!k
_1 i I I

t , °

:, Scale Model = .030 L

_ - o

VL70-000089"B"
DRAWItlG NUMBER: VLTO-(X)O092, 9?, 9& "A"

DIMENSIONS: FULL-SCAL£ MODELSCALE
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DIMENSIONS: EIJLL-SCALE MODELSCALEi

• Length (_A ]_D ]_ead) 391.o 11.730.

'- Max. Width (T.'R. _ea,d) 560.0 _6,_.800,

: Max. Depth (WP = _2.9 22 to = 500)

FinenessRatio

Area

" -. Ma_. Cross-Sectional , m m i

Planform , , ,,,

Wetted i -- i i

• Base ........-- "--' .
• - , • - , . ,,.o o • o,o_ • • ,. , • ". ,:

i •
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DIMENSIOt(S: FULL-SCALE MODELSCALE
J , .i L

Length _-- IN. 881.00 26._1)
. ii

MaX. Width--IN. 51.OO i._30

Max. Depth---.-IN. 23.00 .690

Fineness Ratio

Area

Ma_.Cross-Sectional
i i • ii ml

Planform
i Illl II I - I

Wetted
_llll LI I I

: . Base
• ,, ii i

_us'elage BP = O OO ." ....
..-- • .

%

wP = 500.0_. FS

X.A26.OI;o1307.OIN. F$
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F--
MODELCOMPONENT:. _ING-W8? New"I_eht Weight Oebite.r . ,

GENERALDESCRIPTION:_£,bt.ter Conft_att.o,n Per !_tnes VLTO-(X)O093.

g(Y?R- (_hedral A_e is _.efined at _he ,lo_, r surfa,ce of the Wing at the 75.33%

_lAment line pro lected intg, a _la_le l_ert_ndtculaey., ........
.I

NO. OWG.NO. o-oooo93

DIMENSIONS: FULL,.SCALE M_ODELSCALE

_. TOTALDATA
Area (Theo.) FtZ

P1anform 2690.00 _.._42100
Span (Theo In, .936.68 ' 28.10040
AspectRatio 2.265 . _2t26_5_Ji
Rateof Taper I.i?? 1,177
Taper Ratio 0.200 .0,2000
DihedralAngle,degrees _ 3.500 _
Incidence Angle, degrees : 3.000 +3.OQ....
AerodynamicTwist, degrees 3.5o0 +}.000
SweepBackAngles,degrees

LeadingEdge _Jc_u.Qg_
:: TraiIingEdge ,I0._ .... --%0_ L -- '

0,25 ElementLine 35.20_ 35.20c_
Chords:

Root (Theo)B.P.O.O, _ 20.6??20
TIps (Theo)B.P. _683_ _ /,.13550:
MAC _
Fus. Sta, of .?.5 MAC _
W,P, of ,25MAC :299_20

183.13 B,L,of ,25MAC , _ _.A63oo
EXPOSEDDATA
---Area (Th_o) Ft2 1752.29 i.fl7706

Spans(Theo) In, BPI08 to A68.341 _
Aspect Ratio , ,2.0_8 .... 2.058 _
Taper Ratio .24_! .,, ._51
Chords - -

Root BPI08 I }62._0 1,6.8720. ,
Tip 1.00 b i37.8_ t,.13550.

"_ 393.03 ]-1.79090MAC

Fus.Sta.of .25 MAC _ 35.55930
_I.P.of .25MAC _ 9.00621_
B.L.of .25MAC I_3.76 , 4.312_0

AirfoilSection(RockwellMod NASA)
XXXX-64

Root b = ._25 .10 _iO

Tip b = 1.00 _ .1.2 ,.!_

Datafor (I)of (2) Sides
LeadingEdgeCuff
PlanformArea Ft_ _20.3_
LeadingEdge IntersectsFusM. L, @ Sta 560.0.
LeadingEdgeIntersectsWing@ Sta !o35.Q . 31.o5o

hT
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Tt,.B_ III. (co_F_z_u_)

MODEL COMPONLNT: __._e_QZLg-18 .....

DRAWINGNUMBER: VL90_00oo93

DIMEN'.;IONS: FULL-SCALE MODEL SCALE

Area..._2 20}.}2, .Z8/.97..

Span (equivalent)_..IN. }53.3h, 10.60020

_: Inb'd equivalentchord .. ZIA_?8 _._340

Outb'dequivalentchord __55.00 ..l._O0

Ratiomovablesurfacechord/
total surfacechord

At Inb'd equiv, chord .208 .208
%

At Outb'd equiv, chord .400 .... .Aoo

Sweep Back Angles,degrees

LeadingEdge 0.09

TailingEdge _

Hingeline 0.oo . .O.L

Area Moment (Normalto hinge line) pb3 i_8.07 ,.0_180
Productof Area Moment

_8



t

MODELCOMPONENT..VERTICAL7 V5 I_ght. Weigh¢ Orbit.er Conti_sC, ion)

, GENERALDESCRIPTION: Centerli.ne Verti, caZ Tail I Dou,bZe WedgeAirfoiZ with Rounded

t

_! - • I ___ II] i_J_ I I i

!i ' Scale Model = .030
,ji -- " : : uI I i I I I

,
li ,DRAWINGNUMBER: .VL70_95

F I I I J i I I

U

" ,DIMENSIONS: . EULL-SCE MODELSCALE
TOTALDAT.A

Area (Theo) Ft2 _13.25 .37172
Planform

Span (Theo) In '_315.72 ?,-47i6o'
Aspect Ratio i.675 .1.675
Rate of Taper 0._07 ' ..0.'.._07-
Taper Ratio ' ..404 .404
Sweep Back Angles, degrees

Leading Edge &5.000 &5:000 i I

TrailingEdge ,,26.24_ , 26.24_
0,25 ElementLine 41.i_0 41.i_0

Chords:

Root (Theo) WP 268_0 8.0_)0
Tip (Theo) WP i08,47 ._.2_410
MAC _!_.81 _.99_30
Fus. Sta. of .25 MAC i&63.50. &3.90500
W. P. of .25 MAC _35.522 i_.06_66
B. L. of .25 MAC ,iqiO0 0;00

AItroll Sectt on
LeadingWedge Angle Deg lO.OOO , , lO,.OOO ,,
TralIIng Wedge Angle Deg ,',,_. 9_ l&.920
Leading Edge Radius IN. 2.00 .,06 --

Void Area F%< 1_.17 .01!8} i
Blanketed Area _2 • 12.67 .01140 '

49

• °
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TABLE Ill. (CONTI_TJED)

MODEL COMPONENT: _R-SRudd_r ............................

GENERALDESCRIPTION: ZA Co_'_tguratton iper Rcckwell I_nes VL 70--0000?5_

', Scale.Model = .030
L_

DRAWINGNUMBER: VL?O-O000?5

DIMENSIONS: FULL-SCALE MODEL SCALE

Area _-_F¢2 _

Span (equivalent)_121. _

: Inb'd equivalentchord _

Outb'd equivalentchord _ 50.833

Ratiomovablesurfacechord/
total surfacechord

At Inb'd equiv, chord , O.LOO... _D.J,Q_Z_

At Outb'dequiv, chord O.&OO

Sweep Back Angles,degrees

LeadingEdge .....34.83 3_.83 ....

TailingEdge 26.25

Hingellne _3&.83 .... 3&.8_

Area Moment (Normal to hinge ltne)_Ft,3 _26.13 ._,..QZA21._.__
Produc%of Area and Mean Chord

5O
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• TABLE III. (CO_)
I -

' MODELCOMPONENT: ONSPod.-N3:t .... "

• t

:. GENERALDESCRIPTION: ?A,_h% WeiKht ConfiKuration per Rockwe,ll I,ines

VL70-OOOO9&A .......

+

8na_Q Model = .030 .

• • ".;r

DRAWlNG NUMBER: VL?O-6OOO94.A

DIHENSIONS: F_'JLL-SCALE MODELSCALE
e

Length 346.o lo ,38O

Max.W(dth X = ikSO.O lO8.O 3,_oJL

Max. Depth Xo = _._X)eO _._eO , 3e_m_ 0 ,

Fineness Ratio . ........

Area

• Ma_. Cross-Sectional ., ,

Planfom

Wetted ..

: . •Base . ..
• 6 • • O * eo. _.

,% " ,A" _. .°t _'_ •

n of OMS "Pod
4

WP - &63.9 IN. FS WP &O0 + 63.9 = &6).9

BP - 80.0 IN. FS

_mgt,h 121&.OI;o1560.0_ = 3&6.0 IN. FS
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_++ + •

+

+

o

++ +;_E tit. (co_nmJ_)
+,

• °

MOOELCOMPONENT: 1%BodyPlap .... • ....

+ •

:.' GENERALDESCRIPTION: 2A..Conl"i_,ura._ionper RockwellLines VL?O-OOOO%Ai i i i

i ii i iim

I

,l i ii i m*

Scale MoSel = •030
i i i i i + i

DRAWlNG NUMBER: VI,?O-()OOO%A

DIMENSIONS: F_.ULL-SCALE MODEL SCALE

Length -, , 84.?0 2.5/,1 ....
.

Max. Width 265.00,_ 7.95,0 ,,,
• -+

Max.Depth ......

Fineness Ratio .....

Area_- _t,2

Max Cross-Sectional• I i i i i

Planform _142.6_ .12838 ,

Wetted , _

- B+,.+se_2 ...... ,. -...... + .... _3B..6_.__..'.. .03&?8
+++ +'* ++ • %'' _ . . .

• l' 'wl +'0 * _', ' + "
++ • _, • • • + • ? .. +. • ++ • , . .4+ s; "

.......... ++,, ; .... .,'L- ."" "°"" " .,. ".++
: +. •. oI

: 52
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_ m. (co__)

MODELDIMENSIONALDATA

MODEL COMPONENT : S_-BogsterSolid Rocket Motor

GENERALDESCRIPTION: 2A ConfigurationPer RockwellLines VL77.000012

' & VL72-000061"B"

Body of Revolution; Data for (I) of (2) Sides

Scale Model = .030

VL 77-000012DRAWINGNUMBER' .

DIMENSIONS' FULL SCALE MODELSCALE

Len@th-IN. 1732.0 :51.p6

MaxWidth(DIA) IN. BSRM Tank , 142,0 _.260

Max Depth(DIA) Aft Skirt 2_9.0 , ._7.7V

6._87 6.687FinenessRatio L/D

Area~ _2 ....

Max. Cross-Sectional(Aft = B65.87 . B2928
Skirt)

Planform L

Wetted

Bose

Ref°

l_ (Orbiter) = O.00 = 74%99 IN. ET= 200.0 IN. BSRM

wP (B_RM)= _ 4oo(Orblt_r) - 3_.413 = 55.587 IN.
OBP (Orblter) _ O.OO= _4B.0 IN. BSRM

53
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A

MODEL COMPONI:NT: EXTEPd{ALTAt_ - T9 , u,

GENERAL DESCRIPTION: . 2A Conflgumtlon

• i i

e

' NOTE: T 9 idenbiepl %o T8 _q/Q retro pkg., nose w/30"R F.S.

DRAWlNG NUMBER NONE

DIMENSION: FULL SCALE MODEL SCALE

Length - IN. 1858 55.7/,0

MaK Width (Di_) - IN. 32A.0 9.720

Max Depth ....

;: . FinenessRot;o L/D . 5.73&57 5.73_57
Area- FT2

Max Cross-Sect;onul " _ 572._6 -- 0.51530

Planform "

Wetted
,u - __

Base

• .%

Nose, Radius,IN. • 20.0_

!

, °

%
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LEFT SRM

II

SlIMSTATION - XS 8 _ DEG

" FULL MODEL XS/_S 0 45 90 135 18o 225 270 315

200 6.00 0 810
260 7.80 .034 8].1 812 813 814 815 816 817 818
370 Ii.i0 .097 821 822 823 824 825 826 827 828
h00 l?.00 .114 831 832 833 834 835 836 837 838
450 13.50 .142 841 842 843 844 845 846 847 848
550 16.50 .199 851 852 853 854 855 456 857 858
700 21.0o .284 861 863 865 866 867 868
850 25.50 .370 871 873 875 877
1050 31.50 .h8h 881 883 885
1250 37.50 .597 891 893 895
I450 43.50 .711 901 903 905 907
1650 49.50 .825 911 913 917 917
1750 52.5o .882 921 922 923 924 925 926 927 928
179o 53.70 .904 931 932 933 934 935 936 937 938
185o 55.50 .939 941 942 943 944 945 946 947 948
19o0 57.00 .967 951 952 953 954 955 956 957 958

i

NOZZLE BASE 801

SKIRT BASE 802 803 804 805

e. L_,L't:_RM

_ible IV. (:onclude4.
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DATA FIGURES
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